
               

MAY 2011 P/ID 40002/PPHB 

Time : Three hours Maximum : 100 marks  

 PART A — (10 × 2 = 20 marks) 

Answer ALL questions. 

All questions carry equal marks. 

1. What are conserved quantities? 

2. Define impact parameter. 

3. Give the matrix form of the proper rotation 

operator. 

4. How many co-ordinates are needed to fix the 

orientation of a rigid body in space? What are 

they? 

5. Distinguish between phase-space and 

configuration space. 

6. Write down the Hamilton’s equations of motion. 
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7. Explain stable and unstable equilibrium points. 

8. What are normal modes? 

9. State the postulates of special theory of relativity. 

10. Show that the velocity four vector is time like. 

PART B — (5 × 6 = 30 marks) 

Answer ALL questions. 

All questions carry equal marks. 

11. (a) State and prove the conservation theorem for 

total angular momentum (L) for a system of 

particles.  

Or 

 (b) Show that for a single particle with constant 

mass the equation of motion implies the 

following differential equation for the kinetic 

energy 
→→

= ν.F
dt

dT
 while if the mass varies 

with time the corresponding equation is 
→→

= pFmT
dt

d
.)( , where 

→→
p,ν  and 

→
F  are 

velocity, momentum and force respectively.  
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12. (a) Derive the expressions for the components of 

moments and products of inertia tensor. 

Or 

 (b) Express the rotation of a rigid body in terms 

of Euler angles. 

13. (a) Explain in detail the principle of least action. 

Or 

 (b) What are generating functions? Explain their 

role in connecting old and new set of canonical 

variables. 

14. (a) Explain in detail the theory of small 

oscillations. 

Or 

 (b) Obtain the secular matrix for the amplitudes 

of small oscillation and deduce the 

determinantal condition for finding 

frequencies. 
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15. (a) Deduce the wave equations for the scalar and 

vector potentials of electromagnetic field and 

express those equations in terms of D' 

Alembertian operator. 

Or 

 (b) Obtain the components of relativistic Lorentz 

transformation matrix. 

PART C — (5 × 10 = 50 marks) 

Answer ALL questions. 

All questions carry equal marks. 

16. (a) Derive the Lagrangian equation of motion 

from D' Alembert’s principle. 

Or 

 (b) Obtain the equation of motion and first 

integrals for conservative central force 

system.     

 [P.T.O.] 
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17. (a) Prove that the co-ordinate transformation 

from space-set of axes to body set of axis with 

common origin can be accomplished by an 

orthogonal transformation. 

Or 

 (b) Discuss the theory of heavy symmetric top 

with one point fixed and kept in a uniform 

gravitational field.  

18. (a) Deduce Hamiltonian equations of motion from 

Legendre transformation. 

Or 

 (b) Discuss the linear harmonic oscillator problem 

by applying Hamilton-Jacobi method. 

19. (a) Explain the procedure underlying the 

transformation from frequencies of free 

vibrations to normal co-ordinates. 

Or 

 (b) Obtain the frequencies and normal modes of a 

linear triatomic molecule. 
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20. (a) Derive the force and energy equations for a 

relativistic particle. Also deduce the 

connection between the ordinary and 

Minkowski forces. 

Or 

 (b) Construct the Lagrangian for a relativistic 

free particle and from that deduce the 

Hamiltonian. 
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